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ABSTRACT
What happens to carbon fiber from airline wing tips when their service life ends, and they get
replaced? Throwing them away would be wasteful, the Joint Center for Aerospace Technology
Innovation (JCATI) project can extract the carbon fiber from airline wing tips to be recycled.
The JCATI project is a continuation from the work done by previous senior class engineering
students and has a new set of issues to be addressed each year. This year there was a need for a
new oven system for the JCATI carbon fiber recycler with this project’s focus being on
designing the oven’s heating system to reach an overall temperature of 500°C ± 5°C in 15
minutes and to be able to hold that temperature for 30 minutes. Twelve mathematical analyses
were conducted during the designing of the heating system to determine design parameters such
as voltage/power required and stresses/forces the system will encounter while running. Then the
oven heating system was built in three sections, heating controls, heating cartridges, and the
thermocouple assemblies with some parts being manufactured/created in house whilst others
were purchased through outside vendors. The new heating system device demonstrated good
performance with it taking approximately 14 minutes and 23 seconds on average to reach the
required temperature threshold 500°C ± 5°C and the actual temperature was the same as the
displayed temperature. The device was also able to hold an average temperature of 500°C ± 5°C
for the 30-minute cycle needed to run the machine.
Keywords: Heating, Oven, Carbon Fiber, Temperature, Recycle
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1. INTRODUCTION
a. Description
The JCATI carbon recycler machine is a multi-part process that breaks down airline wing tips
and extracts the carbon fiber from them to be used elsewhere. The machine currently has
multiple dilemmas to be addressed one being that it currently does not have an oven to melt the
resin off the carbon fiber and since the last oven melted down the entire system needs to be built
basically from scratch. Engineering being the application of science and technology to design
and construct machines, buildings and other objects. Building an oven system from scratch
presents a multi part problem that is best broken up into different jobs. For this problem the roles
have been divided into designing a heating system, designing a conveyor system and designing
the housing for both these systems.

b. Motivation
In the last two decades there has been a growing call for society to generate less garbage and for
more things to be recycled. Carbon fiber is a very versatile and useful material used in a great
deal of different machines, clothes and other items. It is used in great quantities in airplanes and
therefore disposed of in great quantities when those airplanes are retired, or parts are replaced.
Although you likely will not reuse old carbon fiber for airplane parts it could be recycled into
items that don’t have such rigid quality standards. This is what gives rise to the need for this
project so that disposed wing tips may be recycled instead of just being disposed of.

c. Function Statement
The heating system should heat the environment to the required temperature.

d. Requirements
The heating system must meet a basic set of design requirements in order to be approved for use
in the overall oven design. These requirements are…
1. The heating system must heat up to 500° C
2. The heating system must be able to hold temperature for 30 minutes plus or minus 5° C
3. The heating system must be able to get up to temperature in 15 minutes
4. The heating system must fit within the housing design
5. The overall system must not exceed 250 pounds
6. The heating system must not be in direct contact with the carbon fiber.

e. Engineering Merit
The project goal is to design an oven for the recycling system using principals of mechanical
engineering. The project will demonstrate knowledge and the application of mechanical
engineering to solve problems. Such as using stress analysis for analysis 10, 11, and 12 to
calculate and ensure that certain individual parts will not exceed their capable stresses. Other
principals such as basic electricity concepts were used in analysis 4 to determine the power
needed for the heating cartridge selection. Basic algebraic analysis was used for analysis 3 to
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determine the mass of carbon fiber being produced to go through the oven. This project will
allow airplane manufacturers to reduce the amount of waste they produce and therefore help
reduce the worlds overall carbon footprint.

f. Scope of Effort
This project will focus on the designing of a heating system for the new oven. Without a oven
the carbon fiber cannot be extracted from the wing tips and without a heating system the resin
cannot be melted off of the carbon fiber chips.

g. Success Criteria
Overall success for this project depends on the heating system being able to heat up to 500° C
and holding that temperature for the 30-minute conveyor time without melting the overall oven
system.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
The overall design was conceived from the need for a new oven system for the JCATI carbon
fiber recycler with a focus on the oven’s heating system. The overall temperature must reach
500°C in 15 minutes and be able to hold that temperature for 30 minutes. The current design was
conceived of by watching pizza ovens and follows similar design trends. Some of the design
ideas that were discarded included using open flames or gas furnaces because the oven will need
to run off 240VAC. Detailed design choices like the element design, control casing design, and
material selection for the control casing are detailed in the design matrixes below in appendix F.

b. Design Description
The current design consists of many design similarities to a commercial pizza oven as they have
similar design constraints. The heating system will consist of electric conduction in order to heat
the oven to its desired temperature.

c. Benchmark
Pizza ovens need to heat pizzas to temperatures around 850 to 900°F or 500°C so that they cook
fast. Similarly, the oven needs to reach temperatures around 500°C and maintain it so that the
resin will melt off the carbon fiber chips.

d. Performance Predictions
The predicted output performance is that the oven heating system will heat the environment to
500°C and be able to hold that temperature ±5°C. It will be able to get to this temperature within
15 minutes using 240 VAC.

e. Description of Analysis
The first analysis consists of determining the required electric power required to heat the oven to
its required temperature in the required time. This will set a baseline for the other analysis and
any further designs.

f. Scope of Testing and Evaluation
The scope of testing for this project will be rather straightforward and follow along the list of
basic requirements for this project. This will further consist of measuring the temperature to see
if it can get to its desired 500°C, timing how long it took to reach temperature and whether it can
hold that temperature for about 30 minutes.

g. Analysis
i. Analysis 1
The first analysis aimed to discover the total power consumption for the oven system. This was
done to fulfill requirement 2 in section 1d stating the oven must maintain temperature for the 30
minutes it takes for the conveyor system to cycle. The radiant loss of temperature through the
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wall panels was calculated first. Then the energy required to raise the product, racks and
conveyor to temperature was analyzed. Finally, the exhaust loss was calculated, and the total
energy use was calculated to be 34,509.2 BTU/hr (see Appendix A-1). This reaffirms the design
parameter/choices for the heating cartridge and amount of power they need (see appendix BHeating Cartridge).
ii. Analysis 2
The second analysis aimed to discover displacement of the heating cartridge bearing due to
thermal displacement. This was done to satisfy requirement 4 in section 1d where the heating
system must fit within the oven environment. Using thermal displacement, the way the bearing
will move during the heating process was calculated to be 0.089in horizontally, .0056 in
longitudinally, and .00042 in vertically (see appendix A-2). This satisfied the design parameter
of having the heating cartridges better secured and to make sure they will not shift whilst in the
heating process (see appendix B-heating cartridge bearing).
iii. Analysis 3
Analysis 3 aimed to find the amount of carbon fiber that runs through the machine every hour.
This will help with analysis 4 where the total wattage depends on the amount of substance being
heated during the time allotted which satisfies requirements 1 and 3 in section 1d. The total
weight came out to be about 15.81 pounds as can be seen in appendix A-3. This will help
establish the design parameter of how much power the heating element will require to meet
requirements 1 and 3 which will be reflected in the heating cartridge drawing (see appendix B).
iv. Analysis 4
Analysis 4 was done to determine the necessary wattage to heat the carbon fiber in the correct
amount of time to satisfy requirements 1 and 3 in section 1d. This will help determine how
powerful the heating cartridges need to be or how many heating cartridges are needed to meet the
time requirement. Using analysis 3 the amount of carbon fiber going through was about 15.81
pounds which gives a necessary value of 10.417 kilowatts of power. This establishes the design
parameter of needing 6 heating cartridges since each has 2000 watts of power. The cartridge
drawing can be seen below in appendix B.
v. Analysis 5
Analysis 5 was done to establish the current values that would be generated from the 6 heating
cartridges which will satisfy requirements 1, 2, and 3 in section 1d since if the current exceeds
the allowable limit the entire system will not function. The current values were calculated for
using a 110-volt source and a 240-volt source. The values then came out to be 109 Amps for the
110-volt source and 50 Amps for the 240-volt source (see appendix A-5). This established a
design parameter of needing a 240-volt source to practically operate the heating cartridges (see
appendix B-Heating Cartridge).
vi. Analysis 6
Analysis 6 was done to establish the overall stress the two screws that will secure the heating
control system to the oven will experience satisfying requirement 2 in section 1d by securing the
controls necessary for regulating the heat to the oven. The analysis calculates how much force
the screws experience while stationary which will be useful to ascertain how much more force,
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they can handle without being permanently deformed or broken which was calculated to be
7.819 pounds (see appendix A-6). This established the screw size design parameter which is
reflected in the control casing screw drawing in appendix B.
vii. Analysis 7
Analysis 7 was done to determine the critical stress for the cartridge bearing satisfying
requirement 4 in section 1d by calculating the critical stress for the bearing that will secure the
heating cartridges in the oven environment. This will help to determine what kinds of stresses
and loads the bearing can handle as well as determining whether it can secure the heating
cartridges. It was determined that the critical load was 68.47 pounds with a allowable load of
34.2 pounds, and critical stress of 456 psi (see appendix A-7). This established a design
parameter of the bearing being made of ASTM 1011 Hot Rolled steel as can be seen in the
heating cartridge drawing below in appendix B.
viii. Analysis 8
Analysis 8 was done to determine the surface area loading that is going through the heating
cartridge being used for this project satisfying requirement 1 in section 1d. This value can be
compared with suggested ranges to determine if the heating cartridges is at risk of damaging
itself when heating up. The surface loading range needed to be greater than 8 and less than 12
watts per inch squared and the value was calculated to be 8.55 watts per inch squared which is
within the proper range (see appendix A-8). This affirms the design parameter of using the 2000watt heating cartridge as seen in the heating cartridge drawing below in appendix B.
ix. Analysis 9
Analysis 9 was done to determine the critical and allowable load for the control casing bearing
satisfying requirements 2 and 6 in section 1d by securing the heating controls which will regulate
the heat. This will help determine whether the bearing will be able to support the static load or if
a new stronger material will need to be chosen to construct the bearings and it will also describe
how much force it can support before yielding. The critical load came out to be 3,048 Ibs and the
allowable load came out to be 1,524 Ibs (see appendix A-9). This affirms the design parameter of
selecting 6061-T6 aluminum sheet for the material as seen in the control casing bearing drawing
below in appendix B.
x. Analysis 10
Analysis 10 was done to determine the heating cartridge displacement due to thermal expansion
satisfying requirements 4 and 6. This will help describe the changes that the heating cartridge
may undergo whilst conducting its heating cycle and will determine whether it moves too much.
Although the findings from the analysis confirm it will not move very much if it did prove to be
too much then a new kind of heating element would need to be selected. The cartridge will
undergo a 0.056-inch displacement along its length horizontally and its diameter will increase
0.0042 inches vertically (see appendix A-10). This reaffirm the design parameter of choosing the
heating cartridge as can be seen in the heating cartridge drawing below in appendix B.
xi. Analysis 11
Analysis 11 was done to determine the Internal Stress along the heating cartridge’s internal axis
satisfying requirement 1 in section 1d to have a heating element that can get to temperature. This
10

will help prove whether the heating cartridges can undergo its heating cycle without causing any
permanent damage to itself. By calculating the force acting on the cartridges internally the
internal stress was determined to be 162.39 psi which will not cause any permanent damage to
the heating cartridges (see appendix A-11). This affirms the design parameter of choosing the
heating element seen in the heating cartridge drawing below in appendix B.
xii. Analysis 12
Analysis 12 was done to determine the critical load and stress for the heating cartridge to satisfy
requirement 1 in section 1d to have a heating element that can reach the required temperature.
This will help determine whether the heating cartridges will yield and/or buckle due to stresses it
may face. The analysis was done by calculating the slenderness ratio and 𝐶𝑐 ratio to determine
which critical load equation needed to be used. After determining that the Johnson formula was
needed the critical load was calculated to be 15,334 Ibs giving a critical stress of 35,172 psi (see
appendix A-12). This establishes the design parameter where if the heating cartridge, see heating
cartridge drawing below in appendix B, is made from 304 stainless steel then the heating
cartridge will not yield or buckle.

h. Device: Parts, Shapes, and Conformation
The shape of the parts in this project are designed to maximize the efficiency of heating the oven
to 500°C. The heating cartridge design depended on analyses 4 and 5 to ascertain the power
requirement as well as the current value. Analyses 4 gave the power required to heat the oven to
500°C and based on that answer 5 heating cartridges will be needed. This will create the overall
design of the cartridges lining the top of the back wall of the oven.

i. Device Assembly
The overall assembly consists of two parts being the heating cartridges and the temperature
regulation/control electronics. The heating cartridges assembly consists of multiple induction
cartridges working in parallel spanning the length of the overall oven allowing for the heat to be
generated and maintained. The regulation/control electronics assembly consists of the wires
hooked to the induction cartridges to give them power, a thermistor sensor to detect temperature
and a control hub allowing for the temperature to be regulated.

j. Technical Risk Analysis
Some technical risks the design faces are not correctly regulating the temperature and allowing
for it to reach temperatures that can cause deformation in critical components. Another risk is
that the induction cartridges are not evenly spaced causing uneven heating temperatures and
causing increased wear in certain spots.

k. Failure Mode Analysis
Some of the failure mode analyses conducted included thermal stress and current loads. Thermal
stresses were analyzed because the purpose of an oven is to heat to very high temperatures and
then cool again. This process will be often repeated potentially several times in a day creating
stress in the heating elements. The current loads through the induction cartridges and other
electronics were also analyzed to ensure that nothing potentially malfunctions.
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l. Operation Limits and Safety
The oven heating elements consists of several induction cartridges made of steel cable. If the
temperature increases to above approximately 650°C there is a risk of the induction cartridges
melting which can be extremely hazardous to anyone operating the machine. Keeping the
temperature regulated to under 600°C will prevent this potential safety hazard.

12

3. METHODS & CONSTRUCTION
a. Methods
Most of this project will be envisioned, analyzed, and built using resources available at the
Central Washington University campus. The tools/resources that will be accessed here at the
Central Washington University campus include drills, taps, saws and the CNC plasma cutter.
However, some parts will be ordered from outside sources requiring resources and tools not
available at Central Washington University due to their advanced manufacturing processes such
as advanced plastic as well as electronic fabrication.
i. Process Decisions
During the latter part of fall quarter and beginning of winter quarter certain design
concerns were brought to light requiring certain revisions to necessary parts for the overall
project. The first design revision was changing the heating element design and the second was
getting the necessary parts to power the system. None of the new parts needed to power the
system will be made in house however as they require advanced electronic fabrication methods
that are not readily available requiring all these parts to be outsourced/purchased.
The first decision necessary for the project was deciding what kind of design would the
heating element be. This was narrowed to three basic designs that would best fit the requirements
being a cartridge design, a flat spiral design, and a long straight strip design. It was first settled
that a heating coil would be used for the heating element design as it seemed like the most
logical and obvious choice. However, towards the end of the fall academic quarter, after
conducting an analysis using a design matrix, see appendix F, the cartridge design was settled on
as being the best possible design for the heating element. The other two designs lacked in certain
aspects as well as presenting possible issues with how to properly install them in the oven
design. The cartridge design allows for a more modular design to account for either not having
enough power or too much power. The cartridges small design leaves ample space to add more
heaters into the oven structure and the basic install design allows for the change to be done
quickly.
Other decisions included how to make the casing that would hold the controls for the
heating system. After conducting a design matrix analysis, the solutions for constructing the
control casing ranged from laser cutting, using plasma cutters, bending the metal, or a saw to cut
the necessary shapes for the casing. In the end it was settled that using a saw would be the most
efficient method time wise and would also be the simplest way to create the top and side walls.
However, for the front and back walls using the saw would be used to cut the general outline but
the plasma cutter would need to be used to cut the more complicated shapes in the center.
Finally, the bearing that would connect the control box to the oven itself would be bent into the
correct shape after using the saw to cut the general outline.
Another part of the design decision for the control casing was the selection of what kind
of material it would be made of. The design matrix analysis solutions were to make it out of
iron, steel, or aluminum. Eventually 6061 aluminum was selected mostly because it meets the
design requirements to not yield under its own stress and was available in both plates and sheets
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so that the control casing could be made of one consistent material. Analyses 6 and 9 calculated
the stresses that would be created by the control casing on the bearing/screws that would be used
to hold it up and ensure that they would not exceed their yield points.

b. Construction
i. Description
The JCATI oven will be built in two sections which are the oven’s environmental casing, and the
oven heating system/controls. Some parts will be manufactured/created in house whilst others
will be purchased through outside vendors construction will occur in specific sequences. The
oven’s environmental casing will need to be built first before the rest of the system can be
brought together however some sub-assemblies and individual parts can be constructed in the
meantime. For example, this project will consist of 10 parts and 3 sub-assemblies, and all but 5
parts will be obtained from outside suppliers. The sub-assembly heating control casing which
will house the heating controls will be machined here at CWU using tools such as a band saw,
plasma cutter, hammers, vices, and a drill. Its individual makeup consists of six other individual
parts with 5 being machined in house while 1 will be ordered. The five different walls will be
machined using the range of tools previously described and after being machined will be
assembled to form a control casing for the heating controls that will be ordered from an outside
source. Afterwards this individual sub-assembly will be installed on the oven environmental
casing.
ii. Drawing Tree, Drawing ID’s
As seen on the drawing tree, see appendix B, the overall oven assembly consists of the three
section subassemblies. This project focuses on the oven heating system subassembly which
consists of three more subassemblies consisting of the heating controls, heating cartridges, and
the thermocouple assemblies. The heating controls was decided to be first to be assembled since
it is the most elaborate consisting of 5 parts that will be manufactured in house. The heating
cartridges and thermocouple assemblies consist of 2 parts each that will be purchased from
suppliers and therefore making them not as complicated.
iii. Parts
Three process groupings that will occur during this project are machined parts, purchased parts,
and purchased parts that will be modified. As stated in appendix C several parts will be
purchased from suppliers which have a range of different machining methods used to create
them. Parts like the temperature controller (part number 55-000) and the thermocouple
temperature sensor (part number 55-001) will be machined/fabricated using very complicated
methods such as plastic fabrication as well as wiring and will need to be programmed to operate
correctly. Two types of sheet metal that will need to be purchased which will involve sheet metal
fabrication and will need to be cut to specific lengths, see control system casing side wall, back
wall, front wall, and top wall (part numbers 20-003 to 20-006). The heating cartridges which will
be purchased will undergo several manufacturing processes from steel wire fabrication, then
coiling the cable to length, and manufacturing the fittings to attach it to the oven.
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iv. Manufacturing Issues
Potential risks/issues that may hinder the manufacturing of this project’s parts include machining
issues, stock/ordering issues, and health issues. There may be issues with the machines needed to
create the control casing parts breaking down or having a long wait due to multiple people
needing to use a limited number of tools. There could also be a backlogging or a lack of material
stock from vendors creating longer wait periods to obtain the necessary parts for the project.
Finally, there are potential health risks involved with using potentially dangerous equipment as
well as the continuation of the Covid pandemic and if an injury/illness occurs this could hamper
the completion of this project.
v. Discussion of Assembly
Initially the overall JCATI oven assembly consisted of three separate parts being the
environmental casing, the oven heating system and the oven conveyor system. However, the
oven assembly now consists of two parts, the environmental casing and oven heating system.
The oven heating system consists of assembling the heating elements, the heating controls, and
the thermocouple to the oven environmental casing as seen in the drawing tree in appendix F.
The thermocouple and heating element parts are all outsourced and do not require any further
manufacturing. They will be installed/secured to the oven casing via bearings and then wired to
the heating controls. The heating controls consist of 6 parts, the control casing front wall, the
control casing back wall, the control casing side wall, the control casing top wall, and the
temperature controller. The different walls will be manufactured first and then using screws will
be secured to each other to form a box to house the temperature controller.
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4. TESTING
a. Introduction
The JCATI oven heating element will be measured on its ability to reach its required temperature
and its ability to hold that temperature for a complete work cycle. More specifically it will be
measured on how long it takes to reach 500°C ± 5°C and whether it can hold that temperature
while the carbon fiber chips cycle through the conveyor time.

b. Method/Approach
The heating system should take approximately 15 minutes to reach 500°C. This test will require
a stopwatch to time just how long it takes the thermistor to read a temperature of 500°C. The
testing phase for seeing if the oven can reach 500°C ran into a few setbacks during the process of
testing. The second test of whether the system can hold that temperature can easily be calculated
by reviewing the thermistor readings over the time it takes the carbon fiber to cycle through the
conveyor system. However, even though the oven heating controls will consistently show what
temperature the oven is sitting at another temperature sensor is still required to check and ensure
the temperature being displayed is correct. This is because the controls could have been wired
incorrectly or there could be a mechanical problem with the thermistor sensor purchased.
The first test procedure was to see whether the oven could reach 500°C started with using a
earlier set of results taken when calibrating and ensuring that everything was working to predict
how long it would take to get the oven to the required temperature. The procedure worked very
well and yielded enlightening results although the test ended inconclusively due to hardware
concerns. However, a few changes were made to the way the device was tested and how the
results were recorded. One change made was needing to have a method to secure the second
thermistor sensor so that it could stay stationary while measuring the temperature. The solution
was to attach a steel binder clip to the inside wall of the oven enclosure that the thermistor could
then be attached to holding it in place. The way the results were recorded was also updated to
being a single multi column chart where one column represented a 5-minute time interval and the
other two represented the listed temperatures from both thermistors. Using this method multiple
results can be analyzed and pulled from the overall results but in the case of the first test the
results would be analyzed to see if it reached the required temperature.

c. Test Process
To test the heating element someone will need to be ready with a stopwatch for when the initial
heating process is started. They will also need to remain vigilant after the initial heating process
and watch the temperature indicator to determine whether it is maintaining temperature. When
the oven supposedly reaches temperature then the person that was holding the stopwatch will
need to use a temperature reader to check that the temperature displayed is the correct
temperature.
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d. Deliverables
The total time the system takes during the initial heating process will be taken three times and
the average recorded. This will likely take very long as the oven will need to fully cool and fully
heat back up again to obtain accurate readings. After the initial heating process the temperature
values will be recorded every minute for approximately 7 minutes to determine whether it is
holding its temperature.
The requirements for the oven heating system included being able to reach 500°C. The predicted
result for the oven heating system operating with a single heating element at 2,000 watts of
power was it would take approximately 1 hour and 15 minutes. The actual result is unknown due
to issues arising during the testing process. To ensure safety the testing process began with using
a single heating element to ensure the wiring of the system was done correctly. The first problem
encountered was a lack of power going into the heating cartridges which was discovered that
there was no voltage going through the terminal block at that section. After rewiring the system,
the heating element was able to receive power and started heating the overall environment. The
second issue encountered was the solid-state relay meant to turn on/off the heating element to
regulate the enclosures temperature was not working properly. During the third testing cycle as
seen in appendix G3 the oven heating system reached the targeted goal of 500°C in 2 hours and
then held that temperature for the required 30-minute heating cycle.
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5. BUDGET
a. Parts
The overall parts needed for the project will be bought through various hardware stores and
online stores. As can be seen in appendix C the heating cartridges will be bought from
McMASTER CARR whilst the control system, thermocouple, terminal blocks, plug connector,
and solid-state relay will be purchased through amazon. Although the screws are shown to be
getting purchased through amazon they may be purchased through another vendor and the
copper wire will be purchased through Lowes. All the aluminum and steel sheet metal needed
will be purchased through Metals Depot.
During the latter part of the construction of the oven heating system and the beginning of the
testing of the device several new parts were purchased. During the initial tests the Solid-State
Relay obtained with the temperature controller had an electrical fault and died. This required the
obtaining of a new Solid-State Relay as well as split loom insulation, fuse holder, and extra fuses
to add redundancy to ensure failure did not occur again. This came out to cost an extra $38.97
and raised the overall cost to $664.10 which was still under budget.

b. Outsourcing
Since most of the parts needed for the project will be outsourced the estimated cost during the
fall academic quarter was $990.85. However, the winter academic quarter or construction portion
of the project saw significant design additions/changes including the purchasing of more parts.
Even though more parts were bought the overall cost of the project decreased with the new
estimated part cost being $731.57.

c. Labor
Similar to the outsourcing mentioned previously the overall project will be mostly outsourced for
parts with the estimated cost at $990.85. The overall labor costs were then calculated by taking
the average salary of a Mechanical engineer and applied to the overall time that the project
would be worked on.

d. Estimated Total Project Cost
The major costs of this project arise from the need of heating cartridges and the purchasing from
an outsourced vendor. As can be seen in appendix C this makes up the bulk of the costs since
each heating cartridges costs about $97.97 and six were thought to be needed. However, after the
design changes made during the construction phase of the project only three were deemed to
actually be needed significantly reducing the estimated total project cost.

e. Funding Source
The JCATI project is sponsored by Boeing.
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6. Schedule
a. Design
Fall quarter consisted of writing the overall project proposal, conducting the necessary
analysis that would be needed for the project, creating drawings of the parts corresponding to the
findings from the analyses, and writing reports about overall project progression. As can be seen
in Appendix E there are 12 analyses being done from September to December. The time
estimates in the beginning were far from what it actually took but as time went on, they started to
become more accurate. The time estimates were likely off due to a lack of understanding of how
long analysis would actually take to do and the overall research into what was needed to do the
analysis also was not initially calculated for. Overall, any time work fell behind was due to a lack
of time on task and miscalculating how quickly something could be finished such as analysis 1 as
seen in Appendix E. The writing for reports as well as writing for the overall project proposal
always took about as long as what was expected for them to take. The drawings also followed a
similar pattern of being completed on time and taking as long as estimated.

b. Construction
Winter quarter consists of constructing the overall device and the ordering of parts. As
can be seen in Appendix E winter consists of ordering the parts, constructing the oven control
casing, programming the temperature controls/thermocouple, and installing all the parts onto the
oven casing. This work was broken up over the ten weeks of winter quarter and as seen below in
Appendix E the bulk of this work make up sections 4 and 5 of the gantt chart. As seen in these
two sections the overall work was scheduled to take place throughout the winter academic
quarter but due to certain project redesigns requiring the ordering of new parts the ordering of
parts was put off and due to the project risk of delayed shipping times coming true the parts did
not arrive until later in the academic quarter causing the work to have a delayed start time. This
is illustrated below in Appendix E but although there was a delayed start time the initial
estimation of 13 hours it would take to construct the custom parts took only slightly longer than
was estimated with it taking about 17 hours to complete. The delayed start time was overcome
by instead of working in smaller pieces of time slowly throughout the quarter longer sessions of
work were completed in about two weeks thanks to the careful design changes made during the
earlier part of the quarter. Section 5 was comprised of assembling the parts to form the overall
system and it was estimated that it would take about 4 hours. It was started approximately when
it was scheduled to start and took slightly longer to complete than estimated with it taking 6
hours to complete everything.

c. Testing
Spring quarter consists of testing the overall device and ensuring that it meets all the
design requirements and works as intended. The tasks most worked on during the spring
academic quarter can be seen in sections 6 and 7 of the Gantt Chart in Appendix E. Section 6 is
device evaluation and section 7 is the deliverables for the project. Section 6 consists of five tasks
being evaluated, the tasks are power/ability to run, ability to reach 500°C, preheat cycle time,
resin melting off carbon fiber chips, and whether the oven holds 500°C for the required cycle
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time. Whilst evaluating/testing the section 6 criteria several issues arose affecting the
method/schedule for testing. The first issue was with the power/ability to run where because of a
faulty solid-state relay the oven was not functioning, but after replacing the device and adding
extra safety redundancies the oven was functioning. The other issues encountered when testing
was when testing the ability to reach 500°C when the oven would reach a certain temperature it
would start producing smoke. This was solved by updating the bearings holding the heating
elements in place from temporary v-blocks to a permanent set of bearings as well as working
with the team to ensure the oven enclosure was sealed whilst undergoing the heating cycle.
While testing for the ability to reach 500°C it was also discovered that one of the heating
elements was not functioning, this was solved by taking a multi-meter and checking all the wire
connections and the heating elements. One of the wires connecting power to the second heating
element was discovered to have been faulty and was replaced resolving the issue. As seen on the
Gantt Chart in Appendix E the minor issues encountered whilst testing have slightly delayed
when testing began however testing has taken the amount of time as estimated still.

20

7. Project Management
Some of the risks that will likely be encountered during the project include going over budget,
the project taking longer than expected and there are also risks of working with electricity as well
as high temperature systems. The effects that could be experienced from these risks include the
overall failure/shutdown of the project and personal health injuries that include burns and
electrical shocks. Time will be a risk for this project that will require extra attention due to
project items taking long periods of time and being on a limited time constrained schedule. The
risks will be controlled by being vigilant about how long certain tasks take as well as being
cautious not to receive physical injuries during the project and therefore slowing the overall
project down even more.

a. Human Resources
The principal engineer will provide their expertise in mechanical technologies and different
mechanical principals necessary to design a solution for this project furthermore their skills and
abilities can be seen in appendix H. Some risks include the project taking longer than expected
because of the principal engineer having to seek outsourced help/expertise due to a lack of
experience. This can be mitigated however by being vigilant of what needs to be analyzed to
complete the design/construction of the project and if help is required then experts should be
contacted as soon as possible to reduce time required to receive help.

b. Physical Resources
Certain tools such as drills, saws, vices, and hammers will be required to design certain parts
required for the project’s solution. There will be certain risks with time that can be spent working
on these parts in CWU labs.

c. Soft Resources
Certain Software will also be required for completion of the project including Microsoft
products, Solidworks design software and books/documents from the internet. The most obvious
risk presented from these resources is the chance of having software problems or internet outages
at random instances. To manage this risk the engineer will work closely with IT to resolve any
software or outage problems as they present themselves.

d. Financial Resources
The project sponsor Boeing is committed to providing the monetary support needed for this
project’s completion. Possible risks include withdrawal of support or slow processing of required
paperwork requesting funds causing delayed funding. This can be managed through sending
required paperwork early in the projects life before needing to purchase parts/labor and being
vigilant about whether the request will be accepted or not.
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8. DISCUSSION
a. Design
To begin this project a general brainstorming of design concepts was conducted which
generated a general concept of what would be done. The brainstorming focused on what kind of
heating element should be used as the heating element was the key part that the remaining
project would be designed around. This generated some outlandish concepts that would in the
end be unacceptable either because of the design parameter that the heating system needed to use
electricity or would not fit in the designed enclosure. It was first settled that a heating cartridges
element would be used as it had a simplistic design that was compact but also could produce a
considerable amount of heat. However, this choice would later be revisited as certain analyses
were conducted and design parameters were flushed out more.
After selecting an overall design for the heating element, the project progressed into
starting the analyses. However, this started a bit backwards with analysis one being a calculation
of the energy that would be consumed during operation of the oven/heating element. This caused
some mix-ups/confusion that needed to be addressed later in the project and was not completely
finished until late in the quarter after other necessary design parameters for the heating element
had been addressed. The project should have likely started with the work done for analyses three,
four, and five where the amount of carbon fiber material, amount of power needed, and current
running through the system were calculated. The heating cartridges power or analysis four was
revisited multiple times throughout the quarter due to the belief that the calculation was done
incorrectly, or the answer was incorrect. Eventually it was settled that approximately 9,000 Watts
would be sufficient to heat the oven in the correct amount of time. Later in analysis ten, eleven,
and twelve the stresses the heating cartridges would face were calculated to ensure that it
wouldn’t exceed its limits. After dealing with the basics of the cartridges design it was decided
that an enclosure would be made to house the heating controls for the heating element. Analysis
six and nine delt with determining stresses that the control casing would face from operation.
Some of the design risks encountered during the designing of the heating system included
time constraints and cooperating with other students on the overall project. There were a few
instances where the workload presented difficulties with keeping within time constraints. This
was addressed by increasing workloads in later or earlier weeks to maintain the schedule as
much as possible and complete the work. The other risks included cooperating with other student
designs for the oven casing and conveyor system. The risk which was realized was the
schedule/design timing didn’t always line up perfectly which meant returning to previous
designs/analyses and making necessary corrections/changes to cooperate with teammate designs.

b. Construction
The winter academic quarter was dedicated to constructing the project device which
carried its own set of issues and setbacks. The first set back was the overall design needed to be
changed to account for how the device would be wired together and then powered using a 240volt outlet. This design change involved buying a terminal block to wire the heating cartridges
into the heating controls, a circuit breaker, and then a plug that will plug into the 240-volt outlet
to power the machine. The design for the heating controls casing for a time was also going to be
changed drastically using steel instead of aluminum for the materials making up the overall
assembly. However, using steel yielded numerous issues including the difficulty of
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shaping/cutting the metal and the screws/fasteners purchased were not capable of screwing the
metal together. These setbacks were overcome when the aluminum that was originally planned to
make up the control casing arrived, and the design used was the design originally planned for.
Another project risk experienced early in the device construction was delayed ordering of
the parts necessary for the construction of the heating system. It was thought that all the parts
should have been ordered at the same time which as previously explained some new parts were
ordered since the initial design phase during fall academic quarter. This project risk was
overcome by quickly assembling the necessary parts once the parts arrived. After receiving the
parts, the overall manufacturing and construction of parts was relatively successful. All the
custom parts were made and assembled with relative ease and came together just as originally
planned. The wiring of the device was also done relatively quickly however another design
concern was discovered which was that the terminal block purchased could not secure loose wire
making it necessary to also procure electrical terminal forks to allow for the wires being attached
to the terminal block to be very secure.
As discussed previously in the technical risk analysis, section 2j, on design risk or
concern was that if the heating elements were not evenly spaced out then that could cause uneven
heating and greater wearing of certain parts. Just like with the oven control casing the screws
used to secure the heating cartridge bearings, part 20-001 below in appendix B, had difficulties
screwing into the steel that made up the oven inner enclosure ceiling. Also due to other parts
needing to be inserted into the oven the heating cartridges ended up not being completely evenly
spaced. They have relatively even spaced between them but not even spacing when compared to
the overall space making up the oven enclosure. Although this may cause greater wear on the
enclosure this is not an active concern for the overall operational capacity of the oven it is just a
concern that if there is to be extended use in the future certain parts may need to be resecured or
replaced.

c. Testing
The spring academic quarter was dedicated to testing the designed device and
determining whether it meets the original requirements laid out for it. The original requirements
for the oven heating system were that it needed to reach 500°C±5°C within 15 minutes. Testing
for these requirements at the beginning presented several difficulties with the overall operation
of the device leading to the testing being delayed until those issues were resolved. The main
issue was with power going to the heating elements irregularly and it was determined that the
Solid-State Relay (SSR) was responsible for these difficulties. The original SSR would
eventually have an electrical failure resulting in it needing to be replaced further delaying testing.
This was resolved by replacing the SSR with a new one that was better made and added the extra
safety feature of having a plastic shield over the electrical components to prevent
anything/anyone touching it on accident. The new SSR was also better attached/installed onto the
heat sink using thermal paste so that it could better dissipate potential heating whilst in operation.
A fuse holder/fuses were also added to the circuit to further add redundancy to preventing any
more issues with the SSR. After replacing the SSR and adding the new redundancies the issues
were resolved, the oven heating system worked as intended with testing being resumed and lost
time made up for.
Whilst conducting the first full test of the requirement to reach 500°C±5°C within 15
minutes the test was inconclusive due to needing to stop the test early due to safety concerns.
The safety concern was during the test when the oven reached 150°C smoke started to come out
of the oven and there was a concern it may trigger the smoke detector. It was determined that the
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smoke was a result from the temporary v-blocks being used as bearings to hold the heating
elements as they had a lot of oil residue from them being used for other applications. This was
solved by creating permanent bearings that would be installed into the oven to replace the
temporary solution and the testing was resumed with the procedure for conducting the test being
unchanged.
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9. CONCLUSION
The JCATI oven heating element will heat the environment to the required temperature in
the required amount of time so the resin may be melted off the carbon fiber. Analyses one, four,
and five are essential in the overall design/selection of the heating cartridges that will be the key
center part which the rest of the project will be designed around. These analyses use basic
electricity concepts to determine the power required, current rating needed, and overall energy
use/loss during the heating process. For this project to be judged successful the heating element
needs to heat up to 500°C ± 5°C in 15 minutes using 240 VAC. The project design will fulfill
these requirements whilst also giving a greater degree of control over the heating in order to
lessen the likelihood of the oven melting down again. The overall design proposed for this
project is ready for manufacturing during the winter academic quarter.
The JCATI oven heating system was successful in both heating the oven to 500°C ± 5°C
and then holding that temperature for the 30-minute heating cycle needed to melt the resin of the
carbon fiber chips. As seen from appendix G3 the oven made it to 500°C in 2 hours and then
held that temperature for 30 minutes. The oven heating system did not meet the initial 15-minute
preheating requirement because of physical limitations presented during the construction phase
of the project limiting the amount of heating elements that could be used to only two. The project
was also underbudget by approximately $335.
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APPENDIX A - Analysis
Appendix A-1 – System Power Consumption
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Appendix A-2 –Cartridge Bearing Thermal Expansion
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Appendix A-3 – Carbon Fiber Amount
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Appendix A-4 – Required Wattage
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Appendix A-5 – Amperage Ratings
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Appendix A-6 – Screw Stress
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Appendix A-7 – Critical Stress For Cartridge Bearing
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Appendix A-8 – Surface Area Loading
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Appendix A-9 – Control Casing Bearing Critical/Allowable Load
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Appendix A-10 – Heating Cartridge Thermal Expansion
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Appendix A-11 – Heating Cartridge Internal Stress
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Appendix A-12 – Heating Cartridge Critical Stress
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APPENDIX B - Drawings
Appendix B – Drawing Tree
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Appendix B – Main JCATI Assembly
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Appendix B – Temperature Control Assembly
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Appendix B – Heating Cartridge Bearing
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Appendix B – Control System Casing Back Wall
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Appendix B – Control System Casing Side Wall
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Appendix B – Control System Casing Hook
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Appendix B – Control System Casing Top Wall
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Appendix B – Control System Casing Front Wall
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Appendix B – Thermocouple Temperature Sensor
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Appendix B – Control Casing Screw
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Appendix B – Temperature Controller
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Appendix B – Heating Cartridge
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APPENDIX C – Parts List and Costs
Part Number
20-001

Qty
1

20-002
20-006

1

20-003

1

55-001

3

55-002

1

55-003

1

55-004

1

55-005

1

55-006

1

55-007

1

55-008

1

55-009

1

55-010

1

Part Description

Source

.160 (5/32)" thick 1x2 ft
6061-T6 Aluminum Sheet
1/2" thick 1x1 ft
6061-T651 Aluminum
Plate
14 GA. (.075 Thick) Hot
Rolled Steel Sheet
McMASTER CARR 10”
2000 watt 240 volt
Heating cartridge
PID Temperature
Controller Meter
Indicator
Twidec/2M NPT 1/2"inch
(6X50MM) Pipe Thread K
Type Thermocouple
T.K.Excellent Self
Tapping Screw
Assortment Kit
Blue Sea Systems
Terminal Blocks - 65A (8
circuits)
ENERLITES NEMA 620P Straight Blade
Replacement Plug
Connector
Southwire SIMpull
12AWG Stranded Black
Copper THHN Wire (Bythe-Foot) 25 feet
smseace Miniature Circuit
Breaker Low Voltage AC
20A 400V 2 Poles DIN
Rail Installation DZ47-63
C32
Conext Link AGU40-10
Nickel 40 Amp AGU
Fuse 10 Pack
CG Solid State Relay
SSR-40DA DC to AC
Input 3-32VDC To
Output 24-480VAC 40A
Single Phase Plastic
Cover

Metals Depot

Cost
$94.74

Dispostion
TBD

Metals Depot

$91.22

TBD

Metals Depot

$25.34

TBD

McMASTER
CARR

$293.91

TBD

Amazon

$34.99

TBD

Amazon

$13.99

TBD

Amazon

$11.99

TBD

Amazon

$22.39

TBD

Amazon

$10.99

TBD

Lowes

$15.08

TBD

Amazon

$10.49

TBD

Amazon

$5.09

TBD

Amazon

$10.90

TBD
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55-011

1

55-012

1

Total Parts:

17

Alex Tech 10ft-1/4" 10ft3/8" 10ft-1/2" Split Wire
Loom Tubing Wire
Conduit – Black
40A Inline AGU Fuse
Holder fits for 4 8 10
Gauge Wire Including 2
pcs 40A Fuse 1pc Hex
Key Wrench

Amazon

$15.99

TBD

Amazon

$6.99

TBD

Cost Total:

$664.10

APPENDIX D – Budget
Table D1: Project Budget
Item
Qty
Parts
11
Capital Expenditures
Equipment Rental
Space Rental
Labor

1
3
11
11

Description
Parts consist of heating cartridges, metal sheets,
heating controls and sensors.
Improvement of previous JCATI recycling system

Cost
$664.10

$1,000.00
$450.00
Rental of space for overall JCATI machine for 11 weeks $597.00
Labor Cost for Engineer over 11 weeks of working
$13,750.00
Total: $16,461.10
Rent measuring equipment, saw to cut metal, drills
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APPENDIX E – Schedule
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APPENDIX F – Expertise and Resources

Figure 1 Decision Matrix 1
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Figure 2 Decision Matrix 2

Figure 3 Decision Matrix 3
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APPENDIX G – Testing Report
Appendix G1 Testing Cycle #1
Introduction
This testing procedure documents the process of measuring the oven heating systems
ability to obtain the necessary temperature, how long it takes, and if it can hold its temperature
for required heat treatment cycle. The oven heating system was designed by a single Mechanical
Engineering Technology student for their senior project design course. The oven heating system
was designed to reach a temperature of 500°C with a tolerance of ± 5°C within 15 minutes and
then hold that temperature for a 30-minute heating cycle. It was predicted that the oven will
reach 500°C in 1.25 hours and then hold the temperature at 500°C with a tolerance of ± 5°C for
30 minutes. The following details the test information and procedures. The data was
collected/recorded using engineering paper and a pencil to create a table as seen in appendix
G1.2. As seen in appendix G1.5 the test was conducted through 4/6/22 to 5/20/22 and was done
from 10:30 am to 3:00 pm in Hogue 127.
Method/Approach
The resources needed to conduct the test required very minimal tools and help as much of
the testing was very simple. A two-person team was required to be in the lab conducting the test
to ensure safety. Operational limitations included the physical temperature ratings for the oven
enclosure, wires, and electronics only allowing the oven to reach a maximum temperature of
about 600°C before having serious problems arise. Precision for the test conducted was solved
by having two temperature reading devices present one built into the oven while another was
placed on the other side of the oven enclosure. By taking the average of the two temperature
readings the small discrepancies in tolerance for the temperature reading devices could be
avoided. After recording the data values onto the table seen in appendix G1.3 the data was taken
and inputted into Microsoft excel to create tables/graphs for the test.
Test Procedure
Half an hour was dedicated to collecting equipment, setting up and inspection prior to the
test. After the test, there was 5 minutes to retrieve data, 5 minutes to prepare for the test and after
conducting the Temperature hold cycle test 60 minutes were allotted to the cooling cycle. After
repeating the tests for the other trials there was 60 minutes to retrieve data, cool/shut down, and
return equipment. The tests cannot be conducted without electrical power. Risks to a successful
completion of the test include faulty equipment such as a wire coming loose and a power outage
occurring in the building. Closed toe rubber soled shoes are required during the testing of the
oven heating system. Additional personnel are not required but are recommended for added
safety. The tests were conducted in room 127 of Hogue Hall, Central Washington University
campus in Ellensburg, WA. The required equipment included the JCATI Carbon Fiber Recycling
Machine, a Digital Infrared Temperature Gun/Temperature reading device, a table, a chair, the
data sheet, and a writing implement (pencil, pen, etc.).
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The test procedure was as follows:
1. Collect Equipment
a. Digital Infrared Temperature Gun/Temperature reading device
b. Data sheet and writing implement
2. Go to Hogue 127 and the JCATI Carbon Fiber Recycling Machine (Northwestern corner
of room)
3. Place the collected equipment in step 1 on the nearby table
4. Check the JCATI oven to ensure none of the wiring has come loose or is no longer
suitable for testing, if loose or damaged wiring is found resecure or replace the wiring.
5. Place the stool near the JCATI oven in view of the temperature controller so you can see
the temperature reading.
6. Plug Oven power cord into the 240-volt power source above.

7. Flip circuit breaker on the 240-volt power source switch up, then do the same for the
circuit breaker switch on the oven power box and turn oven power on.

8. Ensure the oven temperature controller is programmed for the correct temperature, if it is
not, press the blue button on the temperature until the correct number placement is
blinking then press either of the green buttons (with a up arrow raising the temperature
and the down arrow lowering it) until the correct temperature is listed. Finally press the
yellow set button on the controller setting the temperature.
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9. Wait for temperature reading from the thermocouple to read 500°C ± 5°C on the
temperature controller (the red number at the top is the temperature being read by the
thermocouple whilst the green number below it will be the set temperature).
10. Take Temperature reading device from table and place the thermocouple through the
front opening on the opposite side of the other built-in thermocouple and take a reading
of the temperature of the inner oven enclosure.
11. Record the temperatures from the temperature reading device and the thermocouple on
the data sheet
12. Calculate the average temperature from recorded results as well as graph the temperature
versus time in Microsoft excel.
While conducting the first test some of the issues encountered included a great deal of smoke
coming from the oven resulting in the test being stopped and concluded prematurely to address
the issue. No updates to the testing procedures were deemed to be necessary.
Deliverables
The results from test cycle 1 showed that the oven reached a maximum temperature of
about 158.55°C in 40 minutes. This was when the test was concluded to address the safety
concern of smoke coming from the oven. It can be concluded that the oven if left alone would
have taken about 2 hours to reach the targeted 500°C. The oven did not reach any of its success
criteria during test cycle 1 however better results should be obtained from test cycle 2 after
addressing the issues encountered during test 1. The culprit for the smoke was oil being on the vblocks that were being used to temporarily hold the heating cartridges, or something from the
heating cartridges themselves. This was solved by creating new heating cartridge holders,
cleaning out the inside of the oven, and cleaning the heating cartridges.

Appendix G1.1 – Procedure Checklist
o
o
o
o

Check to ensure wiring in oven power box is good, no disconnections or broken wires.
Check to ensure wiring to oven temperature controller is good
Check to ensure heating elements are ready
Clean table with oven of any loose paper, objects, and anything that is not supposed to be
there
o Ensure oven power cord is securely inserted into power source power cord.
o Ensure circuit breaker on power source is flipped in the upwards direction.
o Take room temperature measurement to ensure thermocouple is operational.
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Appendix G1.2 – Data Forms

Appendix G1.3 – Raw Data
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Appendix G1.4 – Evaluation Sheet

Appendix G1.5 – Schedule (Testing)
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Appendix G2 Testing Cycle #2
Introduction
This testing procedure documents the process of measuring the oven heating systems
ability to obtain the necessary temperature, how long it takes, and if it can hold its temperature
for required heat treatment cycle. The oven heating system was designed by a single Mechanical
Engineering Technology student for their senior project design course. The oven heating system
was designed to reach a temperature of 500°C with a tolerance of ± 5°C within 15 minutes and
then hold that temperature for a 30-minute heating cycle. It was predicted that the oven will
reach 500°C in 2 hours and then hold the temperature at 500°C with a tolerance of ± 5°C for 30
minutes. The following details the test information and procedures. The data was
collected/recorded using engineering paper and a pencil to create a table as seen in appendix
G1.2. As seen in appendix G1.5 the test was conducted through 4/6/22 to 5/20/22 and was done
from 10:30 am to 3:00 pm in Hogue 127.
Method/Approach
The resources needed to conduct the test required very minimal tools and help as much of
the testing was very simple. A two-person team was required to be in the lab conducting the test
to ensure safety. Operational limitations included the physical temperature ratings for the oven
enclosure, wires, and electronics only allowing the oven to reach a maximum temperature of
about 600°C before having serious problems arise. Precision for the test conducted was solved
by having two temperature reading devices present one built into the oven while another was
placed on the other side of the oven enclosure. By taking the average of the two temperature
readings the small discrepancies in tolerance for the temperature reading devices could be
avoided. After recording the data values onto the table seen in appendix G1.3 the data was taken
and inputted into Microsoft excel to create tables/graphs for the test.
Test Procedure
Half an hour was dedicated to collecting equipment, setting up and inspection prior to the
test. After the test, there was 5 minutes to retrieve data, 5 minutes to prepare for the test and after
conducting the Temperature hold cycle test 60 minutes were allotted to the cooling cycle. After
repeating the tests for the other trials there was 60 minutes to retrieve data, cool/shut down, and
return equipment. The tests cannot be conducted without electrical power. Risks to a successful
completion of the test include faulty equipment such as a wire coming loose and a power outage
occurring in the building. Closed toe rubber soled shoes are required during the testing of the
oven heating system. Additional personnel are not required but are recommended for added
safety. The tests were conducted in room 127 of Hogue Hall, Central Washington University
campus in Ellensburg, WA. The required equipment included the JCATI Carbon Fiber Recycling
Machine, a Digital Infrared Temperature Gun/Temperature reading device, a table, a chair, the
data sheet, and a writing implement (pencil, pen, etc.).
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The test procedure was as follows:
1. Collect Equipment
a. Digital Infrared Temperature Gun/Temperature reading device
b. Data sheet and writing implement
2. Go to Hogue 127 and the JCATI Carbon Fiber Recycling Machine (Northwestern corner
of room)
3. Place the collected equipment in step 1 on the nearby table
4. Check the JCATI oven to ensure none of the wiring has come loose or is no longer
suitable for testing, if loose or damaged wiring is found resecure or replace the wiring.
5. Place the stool near the JCATI oven in view of the temperature controller so you can see
the temperature reading.
6. Plug Oven power cord into the 240-volt power source above.

7. Flip circuit breaker on the 240-volt power source switch up, then do the same for the
circuit breaker switch on the oven power box and turn oven power on.

8. Ensure the oven temperature controller is programmed for the correct temperature, if it is
not, press the blue button on the temperature until the correct number placement is
blinking then press either of the green buttons (with a up arrow raising the temperature
and the down arrow lowering it) until the correct temperature is listed. Finally press the
yellow set button on the controller setting the temperature.
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9. Wait for temperature reading from the thermocouple to read 500°C ± 5°C on the
temperature controller (the red number at the top is the temperature being read by the
thermocouple whilst the green number below it will be the set temperature).
10. Take Temperature reading device from table and place the thermocouple through the
front opening on the opposite side of the other built-in thermocouple and take a reading
of the temperature of the inner oven enclosure.
11. Record the temperatures from the temperature reading device and the thermocouple on
the data sheet
12. Calculate the average temperature from recorded results as well as graph the temperature
versus time in Microsoft excel.
While conducting the second test some of the issues encountered included difficulty reaching
higher temperatures from significant heat loss due to the oven reaching a high enough
temperature to melt the oven’s opening covers and the outside thermocouple sensor. Another
issue encountered was only one heating element was functioning during the test. No updates to
the testing procedures were deemed to be necessary.
Deliverables
The results from test cycle 2 showed that the oven reached a maximum temperature of
about 377.15°C in 100 minutes. This was when the test was concluded to address the safety
concern of melting one of the temperature sensors and the opening covers. It can be concluded
that the oven if left alone would have taken about 2 hours to reach the targeted 500°C. The oven
did not reach any of its success criteria during test cycle 2 however better results should be
obtained from test cycle 3 after addressing the issues encountered during test 2. The issues of the
melting covers/sensor were addressed by using extra insulation to seal the oven and the sensor
was placed further away from the hotter spot of the oven. The heating element not functioning
was addressed by checking the wiring and fixing a bad wire.

Appendix G2.1 – Procedure Checklist
o
o
o
o

Check to ensure wiring in oven power box is good, no disconnections or broken wires.
Check to ensure wiring to oven temperature controller is good
Check to ensure heating elements are ready
Clean table with oven of any loose paper, objects, and anything that is not supposed to be
there
o Ensure oven power cord is securely inserted into power source power cord.
o Ensure circuit breaker on power source is flipped in the upwards direction.
o Take room temperature measurement to ensure thermocouple is operational.
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Appendix G2.2 – Data Forms
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Appendix G2.3 – Raw Data
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Appendix G2.4 – Evaluation Sheet

Appendix G2.5 – Schedule (Testing)
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Appendix G3 Testing Cycle #3
Introduction
This testing procedure documents the process of measuring the oven heating systems
ability to obtain the necessary temperature, how long it takes, and if it can hold its temperature
for required heat treatment cycle. The oven heating system was designed by a single Mechanical
Engineering Technology student for their senior project design course. The oven heating system
was designed to reach a temperature of 500°C with a tolerance of ± 5°C within 15 minutes and
then hold that temperature for a 30-minute heating cycle. It was predicted that the oven will
reach 500°C in 1.25 hours and then hold the temperature at 500°C with a tolerance of ± 5°C for
30 minutes. The following details the test information and procedures. The data was
collected/recorded using engineering paper and a pencil to create a table as seen in appendix
G1.2. As seen in appendix G1.5 the test was conducted through 4/6/22 to 5/20/22 and was done
from 10:30 am to 3:00 pm in Hogue 127.
Method/Approach
The resources needed to conduct the test required very minimal tools and help as much of
the testing was very simple. A two-person team was required to be in the lab conducting the test
to ensure safety. Operational limitations included the physical temperature ratings for the oven
enclosure, wires, and electronics only allowing the oven to reach a maximum temperature of
about 600°C before having serious problems arise. Precision for the test conducted was solved
by having two temperature reading devices present one built into the oven while another was
placed on the other side of the oven enclosure. By taking the average of the two temperature
readings the small discrepancies in tolerance for the temperature reading devices could be
avoided. After recording the data values onto the table seen in appendix G1.3 the data was taken
and inputted into Microsoft excel to create tables/graphs for the test.
Test Procedure
Half an hour was dedicated to collecting equipment, setting up and inspection prior to the
test. After the test, there was 5 minutes to retrieve data, 5 minutes to prepare for the test and after
conducting the Temperature hold cycle test 60 minutes were allotted to the cooling cycle. After
repeating the tests for the other trials there was 60 minutes to retrieve data, cool/shut down, and
return equipment. The tests cannot be conducted without electrical power. Risks to a successful
completion of the test include faulty equipment such as a wire coming loose and a power outage
occurring in the building. Closed toe rubber soled shoes are required during the testing of the
oven heating system. Additional personnel are not required but are recommended for added
safety. The tests were conducted in room 127 of Hogue Hall, Central Washington University
campus in Ellensburg, WA. The required equipment included the JCATI Carbon Fiber Recycling
Machine, a Digital Infrared Temperature Gun/Temperature reading device, a table, a chair, the
data sheet, and a writing implement (pencil, pen, etc.).
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The test procedure was as follows:
1. Collect Equipment
a. Digital Infrared Temperature Gun/Temperature reading device
b. Data sheet and writing implement
2. Go to Hogue 127 and the JCATI Carbon Fiber Recycling Machine (Northwestern corner
of room)
3. Place the collected equipment in step 1 on the nearby table
4. Check the JCATI oven to ensure none of the wiring has come loose or is no longer
suitable for testing, if loose or damaged wiring is found resecure or replace the wiring.
5. Place the stool near the JCATI oven in view of the temperature controller so you can see
the temperature reading.
6. Plug Oven power cord into the 240-volt power source above.

7. Flip circuit breaker on the 240-volt power source switch up, then do the same for the
circuit breaker switch on the oven power box and turn oven power on.

8. Ensure the oven temperature controller is programmed for the correct temperature, if it is
not, press the blue button on the temperature until the correct number placement is
blinking then press either of the green buttons (with a up arrow raising the temperature
and the down arrow lowering it) until the correct temperature is listed. Finally press the
yellow set button on the controller setting the temperature.
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9. Wait for temperature reading from the thermocouple to read 500°C ± 5°C on the
temperature controller (the red number at the top is the temperature being read by the
thermocouple whilst the green number below it will be the set temperature).
10. Take Temperature reading device from table and place the thermocouple through the
front opening on the opposite side of the other built-in thermocouple and take a reading
of the temperature of the inner oven enclosure.
11. Record the temperatures from the temperature reading device and the thermocouple on
the data sheet
12. Calculate the average temperature from recorded results as well as graph the temperature
versus time in Microsoft excel.
While conducting the third test no outstanding issues occurred the oven heated up to the
required temperature in the estimated time allowing for the heating cycle to be conducted. No
updates to the testing procedures were deemed to be necessary.
Deliverables
The results from test cycle 3 showed that the oven reached a maximum temperature of
about 500.1°C in 2 hours. This was what it was estimated to take afterwards the carbon fiber
chips were placed inside the oven to begin the heat treatment cycle where the oven would need
to hold its temperature. The oven on average maintained its temperature with the required
tolerance for the 30-minute cycle. The oven cleared two of its success criteria, getting to
temperature and holding the temperature however, it took two hours to get to 500°C instead of 15
minutes. This was because of the limiting build factors of only having two heating cartridges.

Appendix G3.1 – Procedure Checklist
o
o
o
o

Check to ensure wiring in oven power box is good, no disconnections or broken wires.
Check to ensure wiring to oven temperature controller is good
Check to ensure heating elements are ready
Clean table with oven of any loose paper, objects, and anything that is not supposed to be
there
o Ensure oven power cord is securely inserted into power source power cord.
o Ensure circuit breaker on power source is flipped in the upwards direction.
o Take room temperature measurement to ensure thermocouple is operational.

73

Appendix G3.2 – Data Forms
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Appendix G3.3 – Raw Data
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Appendix G3.4 – Evaluation Sheet

Appendix G3.5 – Schedule (Testing)
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APPENDIX H – Resume
Sean Tomkins

(253) 365-7232
sean.tomkins@cwu.edu
https://www.linkedin.com/in/sean-tomkins

CAREER OBJECTIVE: Entry Level Mechanical Engineer
Summary
I am a Central Washington University Mechanical Engineering Technology major with a Robotics and Automation
minor graduating with my bachelors in June 2022. I aspire to create a career in the aerospace industry. Integrity
and persistence are my two greatest character traits. My innovative and critical thinking skills developed through
my college career collaborating with diverse teams and experience with tough electrical design problems has
prepared me for an engineering position.
Education
Central Washington University
Bachelor of Science in Mechanical Engineering Technology, June 2022
Minor in Robotics and Automation, June 2022
Experience
JCATI CWU Senior Project,
JCATI Oven Heating System Design Engineer, Ellensburg, WA 2022
● Worked as Primary Engineer for the design and manufacturing of the JCATI senior project oven heating
system.
● Cooperating in conjunction with other JCATI engineering projects, I designed and built the heating system to
heat to a temperature of 500°C in <15 minutes to burn resin off carbon fibers of reclaimed airplane wing tips,
allowing the material to be recycled.
Warehouse Associate
Amazon
June-September 2020, 2019, 2017
Worked in a fast paced, automated environment involving quick problem-solving skills, physically demanding
endurance working multiple assignments and tight deadlines.
Warehouse Associate
FedEx
June 2018- Sep 2018
Responsible for loading and unloading packages in a demanding environment utilizing handheld mobile delivery
devices.
Licenses & Certifications
General Industry Safety and Health Qualified OSHA-10-Occupational Safety Health Administration
34-702023175
Geometric Dimensioning and Tolerancing Workshop – 8 Hour ASME Columbia Basin Section GD&T
Workshop Certificate 2021
Technical Skills & Course Work
Mechanical Engineering, Robotics including Industrial Robotic Automation,
Instrumentation, Programmable Logic Controller (PLC), Metallurgy, Machining, Casting,
Microsoft Excel, Word, PowerPoint, AutoCAD, SOLIDWORKS, LabVIEW, Studio 5000, MATLAB,
3D Design Applications, Autodesk Inventor, Engineering Project Cost Analysis,
Applied Thermodynamics, Applied Heat Transfer, Fluid Dynamics
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